The goal of fluid resuscitation in shock is to improve organ perfusion while avoiding the harms of excess fluid administration. Fluids lead to harm unless: (1) the tissue hypoxia results from inadequate oxygen delivery rather than mitochondrial or microvascular dysfunction; and (2) fluid administration leads to an increase in tissue oxygen delivery. [1] [2] [3] Previous debates and investigations have focused on optimal methods for differentiating between states of inadequate oxygen delivery and mitochondrial dysfunction. [4] [5] [6] The role of IVC ultrasound in fluid resuscitation focuses on its ability to predict whether fluids will increase cardiac output, a condition known as fluid responsiveness (FR).
Decades of investigations on tools to identify FR have led to several oft-cited conclusions: (1) only 50% of critically ill patients believed to benefit from fluids actually have FR; (2) traditional clinical and static hemodynamic parameters are poor predictors of FR; and (3) the most accurate predictors are "dynamic measures" (ie, tests that measure changes in cardiac output in response to transient fluid boluses such as pulse pressure variation and PLR). [7] [8] [9] Publications regarding these dynamic measures have dominated fluid resuscitation literature since pulse pressure variation was first described > 15 years ago. 9 So why are we debating the utility of IVC ultrasound rather than one of these more established tools? The answer likely has more to do with perceived convenience than diagnostic accuracy. FINANCIAL/NONFINANCIAL DISCLOSURE: The author has reported to CHEST the following: P. K. received a stipend from SonoSite/Fujifilm to provide a video-based tutorial based on how to diagnose a DVT using ultrasound.
Why do we still equate low filling pressures with hypovolemia and/or a need for fluids in septic shock? We forget that low filling pressures are: (1) most often caused by factors other than volume loss in these patients, namely vasodilation and hyperdynamic cardiac function; (2) the normal state of health; and (3) necessary to promote venous return. Although the two main types of hypotensive insults seen in ICUs (bleeding and sepsis) both produce low filling pressures, they require different fluid resuscitation approaches. Blood loss leads to a pure hypovolemic state and requires (and clinically responds to) aggressive repletion of intravascular volume. Sepsis is more complex but, in general, benefits most from initial, modest fluid administration followed by treatment of the associated vasoplegia and/or myocardial dysfunction.
When clinicians do not explicitly identify these disparate clinical contexts, the low filling pressures "seen" on goaldirected echocardiograms (or measured via internal jugular catheters) of patients with sepsis in the ICU after initial fluid resuscitation leads to a conditioned response. This response comprises continued aggressive fluid resuscitation and fluid overload in the > 50% of ICU patients with low filling pressures who do not have FR. 7 Clearly, in overt hypovolemic insults (eg, after blood donation, after fluid removal during dialysis, bleeding trauma patients), low filling pressures identified by using IVC ultrasound reflect volume loss. [20] [21] [22] Is IVC ultrasound really needed to guide our management in these cases, however? Probably not. Assessing and targeting heart rate, blood pressure, or hemoglobin levels during resuscitation represents a sound clinical approach to such cases.
It is when faced with the complex physiology of the patient with septic (or multifactorial) shock that we desire equally robust, simple guides to direct and balance the multiple therapies required. Unfortunately, it is precisely these patients for whom the evidence does not support the use of IVC ultrasound: "where it is useful, it is not needed, and where it is needed, it is not useful." There are two ways to argue why IVC diameter cannot predict FR in critically ill patients: directly and indirectly. The direct argument relies on citing the two studies that report the poor predictive accuracy of IVC diameter in a heterogeneous ICU population. Airapetian et al 23 reported an area under the receiver operating characteristic curve of 0.62 in 58 critically ill shock patients, similar to that of CVP (0.56) 19 and the tossing of a coin, and nowhere near the accuracy of PLR (0.95). There are two types of IVC variation: (1) "collapse" (during inspiration in spontaneously breathing patients); and (2) "distention" (during inspiration in paralyzed patients who are mechanically ventilated).
IVC "Collapsibility"
During inspiration in a spontaneously breathing patient, intrathoracic pressure decreases, the right heart chambers expand, and CVP falls. 16, 26 Intraabdominal pressure rises due to descent of the diaphragm and contraction of abdominal muscles. This combination of forces "collapses" the IVC. The amount of collapse observed is thus driven by CVP and the magnitude of inspiratory effort.
To my knowledge, no theory or study has proposed a correlation between the magnitude of inspiratory efforts and presence of FR. Even if we could standardize inspiratory effort among critically ill patients (ie, similar to the "sniff" tests used in the quiet of an echocardiography laboratory), the amount of collapse seen would simply reflect baseline CVP. 27 This fact has not prevented multiple groups from assessing the ability of IVC collapse to predict FR, with predictably and uniformly poor results (Table 1) . [28] [29] [30] [31] [32] To support the assertion that both IVC collapse and IVC diameter are determined according to CVP, the one study that reported on their predictive accuracy for FR found them to have identical area under the receiver operating characteristic curves of 0.62, similar to that of CVP. 19, 25 Of note, the two studies in Table 1 that found even a modest predictive ability of IVC collapse included 38% and 50% of patients, respectively, 29,31 with baseline, overt hypovolemic insults.
IVC "Distensibility"
During insufflation of a paralyzed, intubated patient, the IVC will distend but only in patients whose IVCs
are not yet maximally distended. This increase in diameter indicates a "preload reserve" within the vein and has a high correlation with FR (r ¼ 0.82).
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Unfortunately, only 2% of patients in ICUs at a given time will possess the entire set of clinical conditions required to perform this test reliably, making it one of the least generalizable measures described.
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Conclusions
Routine use of IVC ultrasound parameters to guide fluid therapy should be abandoned because they are rarely reliably assessed, are unnecessary in managing patients with overt hypovolemic insults, and are almost completely determined by filling pressures that cannot predict FR in heterogeneous critically ill patient populations. For those who have abandoned CVP in favor of the IVC as a guide to fluid resuscitation, beware of the "wolf in sheep's clothing." For spontaneously breathing patients, the theory that links DIVC to FR is the physiology of the cardiac function curve. 6 Inspiration lowers the pleural pressure, drawing the cardiac function curve to the left. If the patient's circulation is operating on the flat portion of the cardiac function curve, right atrial pressure will not fall on inspiration, and the IVC will not collapse (Fig 1) . Conversely, when operating on the steep limb of the cardiac function curve, inspiration shifts the point at which the cardiac function and venous return function curves intersect, right atrial pressure falls, and the IVC tends to collapse. As long as inspiratory effort is sufficient and the patient is not recruiting accessory muscles at endexpiration, this signal is physiologically sound.
7
The need to infuse fluid when hypovolemia contributes to shock is not always obvious. Tachycardia may signal pain, ventilator dyssynchrony, systemic inflammation, hypercapnia, pulmonary edema, or a hundred other ills. As a guide to fluid therapy in the bleeding patient, hemoglobin concentration is nearly useless. After all, the exsanguinating patient has similar values at the point of injury and the moment of death. In my own practice, both incomplete and excessive resuscitation are seen regularly; IVC ultrasound often clarifies a hazy picture.
The preconditions for validity of DIVC deserve attention. Perhaps I would agree with Dr Kory that a simple snapshot of the IVC could be misleading, especially when devoid of the clinical presentation, examination findings, patient-ventilator interaction, echocardiography, ultrasound interrogation of the lungs, and the clinical trajectory. However, the alert intensivist is attuned to inspiratory effort, abdominal muscle recruitment, intraabdominal pressure, ventricular function, cor pulmonale, and the ventilator tidal volume. Indeed, IVC ultrasound demands an intensivist at the bedside, hand on the belly, in intimate contact with the patient, which is right where he or she belongs.
